Atopic dermatitis is a chronic inflammatory skin condition including severe pruritus, xerosis, visible eczematous skin lesions that mainly begin early in life. Atopic dermatitis exerts a profound impact on the quality of life of patients and their families. The estimated lifetime prevalence of atopic dermatitis has increased 2~3 fold during over the past 30 years, especially in urban areas in industrialized countries, emphasizing the importance of life-style and environment in the pathogenesis of atopic diseases. While the interplay of individual genetic predisposition and environmental factors contribute to the development of atopic dermatitis, the recent increase in the prevalence of atopic dermatitis might be attributed to increased exposure to various environmental factors rather than alterations in human genome. In recent decades, there has been an increasing exposure to chemicals from a variety of sources. In this study, the effects of various environmental chemicals we face in everyday life -air pollutants, contact allergens and skin irritants, ingredients in cosmetics and personal care products, and food additives -on the prevalence and severity of atopic dermatitis are reviewed.
INTRODUCTION
Atopic dermatitis (AD) is a common, chronic, relapsing, inflammatory skin condition that mainly occurs in children. AD normally begins early in life and often occurs in people with a personal or family history of asthma and allergic rhinitis (1) . Most cases of AD develop in infants and young children, 60% occurring during the first year of life and up to 85%occurring before the age of 5 years (2) . Most cases of childhood AD show improvement by adolescence (3, 4) . However, in elderly adults with AD, various symptoms of eczema exist during the lifetime and recurrence of eczema after many years is common (5, 6) . Although the typical symptoms of AD vary with age of patients, they include severely pruritic, xerotic, and visible eczematous skin lesions mainly in flexural regions (7) .
AD causes physical and emotional distress for patients and their families. Especially, AD can have a profound impact on the quality of life of pediatric patients (8) (9) (10) . Agonizing pruritus accompanying consecutive loss of sleep and concentration results in disrupted school performance, social activities, and participation in sports and visible skin lesions may cause the social stigmatization such as peer rejection, teasing, and bullying (8, 9) . In addition, parents of pediatric patients of AD report loss of sleep, stress, and loss of leisure time (10) . The estimated lifetime prevalence of AD is 10~20% in children and 1~3% in adults while the world-wide incidence of AD has increased 2~3 fold over the past 30 years (11) (12) (13) . It is noteworthy that the prevalence of AD in rural areas is significantly lower compared to that of urban area, emphasizing the importance of life-style and environment in the mechanisms of atopic diseases (14) . Theories to explain this rise in AD include an increase in exposure to air pollution and allergens (15) .
The skin of AD patients is different from healthy skin. AD is characterized by skin barrier abnormalities and complex immune dysregulation (16) . Altered lipid synthesis, reduced hydration, decreased epidermal differentiation and infiltration of T cells have been described as characteristic features in the skin of AD patients (17) . In addition, cytokine and chemokine genes consistent with allergic inflammation are upregulated in AD skin (17) . The acute phase of 90 K. Kim AD is dominated by activation of T helper type (Th) 2 cells, while induction of IgE production and Th1, Th17, and Th22 cytokine responses of delayed hypersensitivity are more dominant in the chronic phase (18, 19) . Foods, environmental airborne allergen, products of infectious pathogens, and skin proteins released by scratching can induce allergenspecific IgE antibodies in AD patients (20) .
While the underlying mechanisms in pathogenesis of AD are not fully understood, it is generally accepted that the interplay of individual genetic predisposition and environmental factors contribute to the development of AD (21) (22) (23) . Since the world-wide incidence of AD has markedly increased in recent years especially in urban areas, it is acceptable that this increase in the prevalence of AD is attributed to increased exposure to various environmental factors rather than alterations in human genome.
We may encounter millions of chemical compounds in lifetime. In recent decades, there has been an increasing exposure to chemical allergens from a variety of sources especially in industrialized countries (24) (25) (26) . Some of them are released in our environment as exhaust fumes of cars, industrial dust, pesticides, fertilizers, insecticides, and smoke of tobacco. In addition, most of personal hygienic care products, cosmetics, processed foods, and drugs contain preservatives, pigments, fragrances, surfactants, chelating agents, and taste enhancers. Heavy metals could be released from amalgam fillings, dental implants, prosthetic devices, and jewelry. Such exposures to environmental triggers could influence the immune system during its development and specifically affect the balance between Th1 and Th2 responses. McFadden et al. proposed that the significant increase in the prevalence of AD and allergy seen in industrialized countries during the last five decades may be related with increased exposure to chemical allergens that favors the development of Th2-type responses, at least in part (24) (25) (26) .
Air pollutants. In recent decades, air pollution has been regarded as an important extrinsic, environmental degrading etiologic agent. The severity of air pollution, particularly by combustion of engines, industrial factories, and heating systems in buildings, has been associated with the greater prevalence of allergic diseases in industrialized countries. Several epidemiological studies suggest a number of air pollutants have been considered responsible for the development or exacerbation of AD and other allergic diseases (27) . The route of exposure to air pollutants is mainly through inhalation, ingestion, and skin contact. The main mechanisms by which these air pollutants enhance allergic responses are the adsorption of aeroallergens and a decrease in mucociliary activity with an increase in respiratory epithelial permeability to allergens. As a result, exposure to air pollution is revealed as a significant risk factor for the development of allergic disease such as asthma (28) (29) (30) . It is suggested that many air pollutants modify innate and acquired immune responses and that susceptibility to allergic diseases can vary with age, other modifying factors, and additional exposures. Actually a questionnairebased study of over ten thousands of swedish adults showed increased risk estimates for living close to heavy traffic and eczema (31) .
Air pollutants consist of a number of substances in the air that can have hazardous effects on human health. They exist in either particulate or gaseous form and are classified as primary or secondary pollutants depending on their sources of occurrence. Major primary pollutants include sulfur oxide compounds, nitrogen oxide compounds, carbon monoxide, volatile organic compounds, particulate matter (PM), toxic metals, and radioactive pollutants. Secondary pollutants are formed from primary pollutants in the atmosphere through chemical and photochemical reactions. Secondary pollutants include ground level ozone, nitrogen dioxide, sulfuric acid, and smog.
A number of cross-sectional studies revealed an association between exposure to air pollutants and eczema symptoms. In a study, eczema symptoms were significantly associated with benzene, PM10, nitrogen oxide compounds, and CO exposure in 9-to 11-year-old children (32) . In Taiwan, a nation-wide survey involving over 30 thousands of children demonstrated that flexural eczema was positively associated with exposure to traffic-related air pollutants (33) . A birth cohort study in an urban area showed strong positive relationships between the distance to the nearest main road and eczema, while NO 2 exposure was positively associated with eczema (34) . Several studies have shown that outdoor air pollution influences the prevalence of AD. In a study involving 4907 French children, the lifetime prevalence of AD eczema was significantly associated with 3-year averaged concentrations of PM10, nitrogen oxide compounds, and CO (35) . In the urban US birth cohort study, exposure to butyl benzyl phthalate during pregnancy was associated with eczema development at 2 years of age (36) . These studies suggest that outdoor air pollution is one of potent risk factors for the development of AD.
As well as the effects on the prevalence of AD, outdoor air pollution influences the skin symptoms in AD patients. In a prospective study, the concentrations of outdoor PM10, PM2.5, toluene, and total volatile organic compounds were higher on days when the patients had symptoms of AD than on days when they reported no symptoms (37) . PM is a mixture of solid and liquid particles of different origin with various chemical and physical properties, including pollen grains and mold spores. It is classified based on size, which determines the location where the particles can be deposited in the human body. For example, particulate matter with a diameter of 10 μm or less is named as PM10 and particulate matter with a diameter of 2.5 μm or less is names as PM2.5. Diesel exhaust particulate (DEP) accounts for most of the airborne PM in the atmosphere in large cities. In a study, an increased concentration of outdoor PM10 by 1 μg/m 3 was significantly associated with a 0.44% increase in AD symptoms on the following day (37) . The effect of PM on AD was also investigated in a study of 41 school children aged between 8 to 12 years (38) . In this study, daily symptom scores and daily PM concentrations were measured. The results showed that the pruritus score was significantly associated with the concentrations of PM with a diameter less than 0.1µm but not for larger particles (38) .
Benzene exerts multiple effects after being converted to reactive metabolites such as hydroquinone and benzoquinone. Benzene and its metabolites can influence the responses of mast cells and basophils together with other cells, such as T cells, macrophages, and monocytes (39) . In a study performed on a group of 3-year-old children, it was observed that the exposure to benzene, ethylbenzene, and chlorobenzene was related with higher percentages of IL-4 producing CD3 + T cells. Both an increase in IL-4 producing Th2 cells and a reduction of IFN-γ producing Th1 cells may contribute to increase in type 2 responses to allergens that favor the development of acute AD (40) . It was reported that the benzene metabolites, such as catechol, hydroquinone, 1,2,4-benzenetriol, and 1,4-benzoquinone, increased secretion of Th2-type cytokines IL-4 (41). Actually, a study revealed that a 1-ppb increase in benzene concentration was associated with a 27.38% increase in AD symptoms (37) .
Several studies investigated the effects of other gaseous air pollutants such as formaldehyde, NO 2 , and volatile organic compounds on aggravation of AD symptoms. In a study performed on adults with AD and control, subjects were exposed to formaldehyde, NO 2 , or room air, the results showed that exposure to formaldehyde and NO 2 increased transepidermal water loss in patients with AD, whereas exposure to room air did not (42) . The effect of volatile organic compounds on the skin of adults with AD and 12 healthy control subjects was examined. It was found that volatile organic compounds increased transepidermal water loss in patients with AD after 48 hours exposure, suggesting that skin barrier function in patients with AD is impaired by exposure to volatile organic compounds (43) .
In addition to outdoor environments, indoor environments also contain air pollutants from various sources that include furniture, tobacco smoke, air conditioners, stoves, wall paints, construction materials, cloths, duvets, carpets, and human body itself. Concerns regarding indoor air pollution are increasing because people spend most of their time in their homes, schools, and public buildings. Indoor air pollutants include volatile organic compounds, PM, and combustion pollutants, such as sulfur dioxide, CO, and NO 2 . In German birth cohort study, redecorating activities, such as painting, floor covering, and new furniture, before birth and in the first year of life were associated with the development of AD during the study period of 6 years (44). In another study in Asian children, authors found an association between AD severity and indoor home remodeling activities, such as painting, floor covering, and wallpapering (45) . In this context, it is reasonable that a history of living in a newly built house during the first year of life was positively correlated with AD in school children (46) . In a case-control study comprising 198 cases and 202 control subjects aged 3 to 8 years, eczema symptoms in children were associated with the concentration of butyl benzyl phthalate in dust collected from their bedrooms (47) .
Tobacco smoke has been the special focus of interest as a potential trigger of allergic diseases. Number of chemicals included in tobacco smoke are widely accepted to be related with various diseases. As for AD, prenatal exposure to environmental tobacco smoke is likely to induce a Th2-dominant immune status or the development of AD after birth (48) (49) (50) (51) (52) . A study of 7030 children aged 6 to 13 years demonstrated a positive correlation between AD and maternal smoking during pregnancy, in the first year after birth, or both (53) . In another study, prenatal exposure to PM2.5 in combination with postnatal exposure to tobacco smoke increased the risk of eczema in infants (54) . In addition, one recent study on air pollution indicated that PM and polycyclic aromatic hydrocarbons influence the early and late gestation with lymphocyte cell distribution (55) .
On the other hand, it is interesting that personal susceptibility to the hazardous air pollution and its clinical consequences can be modified by the presence of atopy or other allergic diseases. A study about the northeast Chinese children health of more than 30 thousands children clearly showed that the modification by atopy, which examined associations by using multipollutant (PM, sulfur dioxide, NO 2 , O 3 , and carbon monoxide) models (56) . In addition, a number of animal and human experimental model showed the upregulation of Th2 cytokine or IgE levels after exposure to air pollutant such as diesel exhaust, NO 2 , and polycyclic aromatic hydrocarbons (57, 58) .
Collectively, these studies suggest that indoor or outdoor, gaseous or particulate forms of air pollutants are potential risk factors for the development or exacerbation of AD.
Contact allergens and skin irritants.
AD is aggravated by skin contact with chemical or physical irritants, such as excessive washing, soaps, and detergents (15) . It is generally accepted that AD and allergic contact dermatitis shares similar pathogenesis and clinical symptoms. The clinical spectrum of Allergic contact dermatitis is characterized by itching, scaling, erythema, vesiculation, fissuring, hyperkeratosis and lichenification. In addition, allergic contact dermatitis to environmental chemicals typically develops following repeated topical exposure to chemical allergens and is characterized by the specific T lymphocyte 92 K. Kim
responses (59).
Allergic contact dermatitis is a frequent and chronic skin disease, very often associated with environmental factors, mainly of occupational origin. So far, more than 3,700 compounds have been identified as contact allergens in the human environment. In North America and Western Europe, 12.5%~40.6% of the population is diagnosed as allergic to at least one chemical (60) .
One of the most important contact allergens are metals. Nickel, cobalt, and chromium are considered as the most common metals eliciting contact allergic dermatitis reactions from chronic internal exposure, although other metal ions could cause hypersensitivity reactions (61) . In recent years, more and more researches report about the relevance of heavy metal burden (cadmium, lead, platinum, copper) to allergic responses (62, 63) . Several literature data suggests that important, possible sources of sensitization to metals are metal implants used in various medical purposes, such as intravascular stents, dental implants, cardiac pacemakers, or implanted gynaecologic devices. Although skin hypersensitivity reactions to metals vary patient to patient, they include eczematous, urticarial, bullous, vasculitic eruptions, and inflammation, similar to those of AD (64, 65) .
Among the metals, mercury has drawn a special interest. The most important mercury sources are amalgam fillings in decayed teeth, additive in drugs, entrails, and fish-rich food. Mercury possesses an affinity for the epithelial cells of the gastrointestinal tract and the skin, for hair, thyroid gland, liver, pancreas, kidneys and the brain (66) (67) (68) . However, the clinical relevance of exposure to mercury for the pathogenesis of AD is still controversial.
Ingredients in cosmetics and personal care products. Cosmetics, fragrances, and botanicals are also important causes of both irritant and allergic contact dermatitis. Although the overall incidence of dermatitis produced by cosmetics is rather difficult to determine, fragrances found in various types of cosmetics are important sources of allergic contact dermatitis. Fragrances, including fragrance mix, balsam of Peru, and cinnamic aldehyde, are the most commonly identified allergens in cosmetic-induced contact hypersensitivity reactions (69) (70) (71) .
Preservatives which are added to the cosmetic products to prevent deterioration of cosmetics are another important trigger of allergic contact dermatitis. So far, a number of preservatives used in cosmetics have been described as eliciting contact dermatitis in sensitive consumers: parabens, isothiazolinones, formaldehyde and formaldehyde releasers, iodopropynyl butylcarbamate, and methyldibromo glutaronitrile (72) .
Other important triggers of allergic contact dermatitis include the active ingredients in hair-and nail-care products, such as permanent wave solutions, permanent hair coloring, artificial nails and nail polishes (70) . An important and potent contact allergen which has lately gained value is paraphenylenediamine. Paraphenylenediamine found in hair dye and temporary skin tattoos is also identified as a contact allergen (71) .
Food additives. Although food as a factors for AD have long been subject of debate, but now it is generally accepted that food allergens are important factors of AD particularly in children (73) (74) (75) . AD and food allergy commonly co-exist with severe and persistent AD, particularly in those with early onset (76) . Both ingestion of food as well as epicutaneous food application are capable of inducing eczematous skin lesions. At least five foods -eggs, milk, soy, peanut, and wheat -are defined to be responsible for development of AD (77) .
Besides food itself, several chemical substances added to food to improve its organoleptic properties may be associated with non-allergic food hypersensitivity. Food additives are added to food at any stage of its production, processing, treatment, packaging, transportation, or storage. Various food preservatives (parabens, benzoates, citric acid, nitrates and nitrites, sorbic acid, sulfiting agents), antioxidants (butylated hydroxyanisole, butylated hydroxytoluene), artificial dyes (tartrazine, erythrosine, sunset yellow, brilliant black), stabilizers (EDTA, carrageenan, guar), flavorings and taste enhancers (monosodium glutamate), emulsifiers (Arabic gum, karaya gum, lecithin, propylene glycol), and artificial sweeteners (aspartame, saccharin) were studied related with hypersensitivity reactions (78, 79) .
Despite the increased use of food additives, the prevalence of adverse reactions attributed to their use is very low in the general population but seems higher in AD patients. In a large British survey of more than 15,000 individuals, the estimated prevalence of self-reported adverse reactions to food additives was only 0.01~0.23% (80) . Studies performed on atopic children reported the prevalence of adverse reactions to food additives at 1~2% (81) to 2~7% challenge (82) . On the other hand, in 54 patients with various allergic diseases and suspected of having reactions to food additives, double-blind challenge testing with seven common additives -amaranth, erythrosine, tartrazine, sunset yellow, sodium sulfite, sodium benzoate, and monosodium glutamate-showed no statistically significant difference between food additives and placebo (83) . The results showed that 5 patients (9.3%) had a positive reaction to food additives but no reactions to the placebo, 2 patients (3.7%) reacted to both food additives and to the placebo, 3 patients (5.5%) reacted to the placebo only, and the remaining 44 patients (81.5%) reacted to neither. Statistically significant difference was not observed between those who reacted positively to food additives and those who reacted positively to the placebo (83) .
CONCLUSION
In this study, we reviewed the effects of various environmental chemicals on the prevalence and severity of AD. Regarding air pollutant, a number of air pollutants -either particulate or gaseous form, indoor or outdoor -have been found to be related with the prevalence, development or exacerbation of AD. Those air pollutant chemicals include nitrogen oxide compounds, PM, CO, toluene, volatile organic compounds, benzene and its metabolites, formaldehyde, sulfur dioxide, and tobacco smoke. In addition to absorption of air pollutants, skin contact with chemicals such as metals (nickel, cobalt, chromium, cadmium, lead, platinum, copper, and mercury), some ingredients in cosmetics (fragrances, preservatives, paraphenylenediamine in hair and nail care products) could aggravate AD, similarly with allergic contact dermatitis. Despite the increased use of food additives, the prevalence of adverse reactions attributed to their use is very low in the general population but seems higher in AD patients. Several chemical added in food to improve its organoleptic properties may be associated with non-allergic food hypersensitivity. Those additives include preservatives, antioxidants, artificial dyes, stabilizers, flavorings and taste enhancers, emulsifiers, and artificial sweeteners.
In summary, although the comprehensive effects of environmental chemicals as triggers of AD are still a subject of debate, eliminations of those with known correlation with AD might improve AD symptoms. Future studies should further investigate the specific mechanisms that contribute to these relationships for better management of AD in our daily life.
